Twelve white-rot fungi were grown in solid-state culture on lemon grass (Cymbopogon citratus) and citronella (Cymbopogon winterianus) bagasse. The two lignocellulosic substrates had 11% permanganate lignin and a holocellulose fraction of 58%. After 5 to 6 weeks at 20°C, nine fungi produced a solid residue from lemon grass with a higher in vitro dry matter enzyme digestibility than the original bagasse; seven did the same for citronella. The best fungus for both substrates was Bondarzewia berkeleyi; it increased the in vitro dry matter enzyme digestibility to 22 and 24% for lemon grass and citronella, respectively. The increases were correlated with weight loss and lignin loss. All fungi decreased lignin contents: 36% of the original value for lemon grass and 28% for citronella. Practically all fungi showed a preference for hemicellulose over cellulose.
In natural decomposition of lignocellulosic matter, both fungi and aerobic bacteria play an important role in degrading holocellulose and lignin to lower-molecular-weight products, some of which are then further metabolized by facultative and obligate anaerobic soil bacteria and actinomycetes (5, 28, 38) . Fungi are usually faster lignin degraders, particularly the so-called white-rot fungi, which completely metabolize the complex polymer, exhibit the highest reported rates, and have been the most studied (10, 24) . All of them have the enzymatic capacity to use the halocellulose components as a source of carbon and energy; hence, total biomass breakdown usually occurs and lignin removal is accompanied by removal of polysaccharides (25) . Under certain culture conditions white-rot fungi use lignin preferentially, producing soluble monomers, breaking up the cellulose-hemicellulose matrix, and making the solid more susceptible to further enzymatic action by other microorganisms, rumen bacteria, for example. These conditions, however, remain as yet specific for each fungus-substrate combination. Some of the fungi produce fruiting bodies when growth occurs on a solid substrate. These two points make the solid-state fungal delignification process an attractive alternative for converting lignocellulose into human food (the fruiting bodies of edible fungi) and animal feed (the solid residue with increased digestibility).
Recent research reported on this subject has been briefly reported (35, 36) . Most of the work has been done with cereal straws from temperate countries; very few tropical lignocellulosic residues have been studied. Although the effect of temperature, pH, carbon and energy sources, and nitrogen and oxygen availabilities on the ligninolytic activity has been studied, no clear picture on how to enhance rates or optimize a production system has been presented. More Cymbopogon winterianus, respectively. The essential oil content is low, 0.5 to 1.3% by weight of fresh grass, and its recovery is not complete. After steam distillation, the bagasse is partially dried in the fields and a fraction is burned to generate steam for the stripping; the rest is left in the fields where natural biodegradation takes place. Its use as a ruminant feed is limited due to animal rejection because of the residual aroma and flavor. According to recent information in essential oil production (34) , there is an estimated worldwide availability of about 200,000 t of dry bagasse per year that could be used as a source of lignocellulosic biomass.
In this contribution we report the results of solid-state growth of 12 basidiomycetes on citronella and lemon grass bagasse and its effect on the chemical composition and in vitro dry matter enzymatic digestibilities (IVDMED).
MATERIALS AND METHODS
Fungi used. The 12 white-rot fungi are described in Table  1 (8, 41) . However, it was higher than that of common straws (8, 41) , resembling instead the leaves (sheath and blade) of such materials (1) . In terms of neutral detergent fiber and acid detergent fiber contents, they showed some similarity to the common straws and they were of intermediate lignin content, again being close to the straws and sugar cane bagasse (22, 30) .
Digestibility of treated samples. the IVDMED values obtained for the 12 solid residues from lemon grass bagasse after fungal growth are presented in Table 3 , and those for lemon grass are given in Table 4 Lignin not only is the gluing element of the lignocellulose matrix, but also forms a part of a lignin-carbohydrate complex stabilized by phenolic acids such as ferulic and pcoumaric acids and acetyl constituents of the cell walls (7, 16, 18, 19, 39) . Hence it is not unexpected to have the fungi 30 .8% (20) . Lignin losses shown in Tables 5 and 6 fall within expected values. After 3 weeks four Pleurotus strains degraded 10 to 56% of lignin present in cotton straw (31) . Using eight white-rot fungal strains, Zadrazil and Brunnert (45) reported practically zero for F. velutipes and up to 54.7% for P. florida in wheat straw. With sunflower hulls and rice husks, S. rugosoannulata biodegraded 46.8 and 42.1%; P. florida, 60.3 and 21.6%; P. cornucopiae, 68.1 and 59.6%; and A. aegerita, 13.4 and 12.6% (44) . Very high lignin losses have also been reported with wheat straw in 9 weeks: 60 to 70% with S. pulverulentum and up to 80% with D. squalens (46) . About the same values were obtained by Streeter et al. (39) , 69% in 8 weeks, using a mixed culture of P. ostreatus and Erwinia carotovora.
Kirk and Moore (25) first reported that lignin removal by white-rot fungi from aspen and birch woods was always accompanied by removal of polysaccharides, although not necessarily correlated with removal of any particular fraction. In fact, lignin degradation by P. chrysosporium was stimulated by addition of carbohydrates (32) . Wood polysaccharides provided the energy required for lignin attack (21), so during or previous to ligninolysis, a holocellulose degradation activity is shown. This phenomenon has been studied by Blanchette (6) who, using scanning and transmission electron microscopy of wood decayed by G. applanatum and I. resinosum, reported that in delignified areas the middle lamella was degraded, causing an extensive cell defiberization. Wood sugar analysis by high-pressure liquid chromatography demonstrated that hemicelluloses were removed in preference to cellulose. This coincides with our observations.
Lignin biodegradation by Fomes annosus was reported by Haars and Huttermann (17) to follow an exomechanism, small molecules having a molecular weight below 1,000 being cleaved first. This fact was also observed by Leisola et al. (27) , with P. chrysosporium and wheat straw as the substrate. The same fungus could degrade lignin monomers during primary and secondary metabolism; however, dimers and more complex lignin-derived structures could only be degraded during the secondary phase (2) . This suggests that lignin biodegradation is nitrogen inhibited (23, 32) . Inorganic and organic nitrogen available in the substrate or medium are quickly assimilated by the fungus and free intracellular glutamate accumulates, repressing ligninolytic enzymes (12, 13) . Reducing the nitrogen concentration in the medium greatly enhanced degradation of ['4C]lignin-labeled wheat lignocellulose by P. chrysosporium, S. pulverulentum, and C. versicolor (29) . Although a partial regulation has been observed with Pholiota motabilis, no regulation at all could be shown with P. ostreatus and L. edodes (26) . Lemon grass and citronella, being higher in nitrogen than wheat straw, have shown in these tests somewhat lower delignification values. Some organic nitrogen inhibition could have been present.
Intermittent aeration also provided the adequate oxygen concentration needed for an effective ligninolytic activity (4, 33) .
The activity of various fungi in different lignocellulosic substrates towards modifying the further extent of enzymatic hydrolysis or IVDMED is somewhat contradictory. Zadrazil (43) was successful in increasing by 75% the IVDMED of wheat straw after 17 weeks at either 25 or 30°C with S. rugosoannulata, but increased it by only 50% at 22°C with P. cornucopiae. In only 8 weeks, Streeter et al. (39) did not improve the IVDMED of wheat straw with P. ostreatus; however, it was increased by 45.9% when a mixed culture of P. ostreatus and E. carotovora was used. Hatakka (20) was very successful in increasing the saccharification of samples of wheat straw that had been incubated with P. ostreatus (189% increase), Pleurotus sp. (162%), P. cinnabarinus (162%), and Ischnoderma benzoinum (194%). Zadrazil (44) reported unsuccessful attempts with rice husks, a -36% decrease with S. rugosoannulata, -64% with P.florida, and -53% with A. aegerita.
Final comments. It is obvious from our data and from data found in the literature that the effects of white-rot fungi on the lignocellulose matrix is a complex phenomenon controlled by many variables and their interactions. The responses observed so far seem quite fungus-substrate specific, and hence it is hard to define a general trend. The IVDMED cannot be predicted only by the chemical composition of the solid residue. Undoubtedly the type of bonds hydrolyzed, the type of new compounds synthesized by the fungi, and the physical characteristics of the residue play major roles in determining the extent and rate of further enzymatic hydrolysis.
Some fungi prefer certain substances. For example, Sengupta et al. (37) showed that digestion of sugar cane bagasse enriched with minerals with Termitomyces clypeatus for 1 week at 55°C and pH 5.0 resulted in saccharification of 71% of the carbohydrate content. However, only 10% for wheat bran and 3.3% for green coconut coir were observed. No clues were given by the authors to explain these differences.
In the last few years both basic and applied research on microbial conversion and modifications of lignocellulosic materials have vastly expanded, as reviewed by Eriksson (11) , but certainly some new experimental approaches need to be developed to understand better how white-rot fungus enzymes interact with surface components and how this interaction is regulated.
